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COST CONTAINMENT AND KSC SHUTTLE FACILITIES OR
COST CONTAINMENT AND AEROSPACE CONSTRUCTION

Joseph A. Brown

INTRODUCTION

The purpose of this presentation is to show examples of Cost Containment of
Aerospace Construction at Kennedy Space Center that were used in the four major
levels of Project Development of the Space Shuttle Facilities . The Levels are:

1. Conceptual Criteria and Site Selection; 2 Des__- of Construction and
Ground Support Equipment; 3. Construction of "Facl_l_les and Ground Support

Equipment (GSE); 4. Operation and Maintenance. These Cost Containment methods
were so successful that the Space Shuttle is now operational with three (3)

Orbiters Columbia, Challenger, and Discovery, now scheduled for monthly

launches and landings in 1985.

Space Shuttle Estimating - Cost Management Background

The concept of the Kennedy Space Center (KSC) Shuttle facilities was Geveloped
in late 60's and early 70's based on limited criteria, reuse of Apollo

facilities, as much as possible and two simultaneous Shuttle-Orbiter flows, was

conceptually costed by KSC's Design Engineering March-October 1970.

The conceptual construction cost estimate of facilities was $147,573,0UU, which
included 10% contingencies and 7% S&A. This was further developed ana escalateo

to $297,330,000 and included GSE equipment.

The construction of facilities was buageted in the early 1970's at $150 M of

1970 dollars. The actual in-place cost through April 1980 was $225.3 M which is
about 2% less than the original escalated budgeted mnount. Quite a remarkable

achievement. Some important scope changes that made this cost management more
critical was the added Sound Suppression System and the redesign of the Rotary
Service Structure for extra Air Force requirements after biading LC-39 Pad A

(during construction of the foundation).

A summary cost breakdown for the Cof F Shuttle _lillions

Orbiter Landing Facility 27.3

Orbiter Processing Facility 27.4

Launch Complex 39 Pad A 40.4

Launch Complex 39 Pad B 51.7

Mobile Launcher Platform _1 13.8
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Mobile Launcher Platform #2 13.9

Vehicle Assembly Building 23.8

Launch Control Center 2.0

Solid Rocket Booster Disassembly (Hangar AF) 6.2

Parachute Facility 1.7

Hypergol Maintenance Facility

Launch Equipment Test Facility

5.3

2.0

Rehabilitation of Barge Channels 2.1

Construction Emergency Power Facility

Mods to Crawler Transporter Maintenance Facility

Shuttle/Carrier Aircraft Mating Facility 1.7

Miscellaneous Modifications 2.5

Subtotal Shuttle 225.3

The successful construction of the KSC Shuttle facilities under budget on
schedule is a tribute to the remarkable KSC Design Engineering and construction
management team. This is especially noteworthy for a research and development
project. Many Research & Development (R&D) projects during the 70's were
costing two times to three times budgeted costs due to the energy crisis;
social, environmental and economical regulations; environmental requirements and
concerns, and erratic (volatile) economy.

These, and many other problems, were solved by fast tracking, detail planning
and scheduling, cost and design engineering solutions through an unusual
efficient construction management program.

See Figure A, page 3, for KSC major Facilities Pictorial Baseline.
See Figure B, page 3, for the Space Shuttle Mission Profile.

Aerospace construction is similar to building, civil, petro-chemical process
industry, construction in that it uses concrete,steel, form work and most
conventional materials but it is different and more costly due to its higher
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reliability requirements, tolerance, and safety requirements because of the
hazardous operations, remote controlled fuels and gases and some exotic
materials.

EXAMPLES OF COST CONTAINMENTAND KSC SPACE SHUTTLE FACILITIES

Level I Conceptual Criteria and Site Development

A. KSC was selected as the major launch and landing site after studying six
locations throughout the United States of America (USA). They were White Sands
Missile Range, Western Test Range, Edwards AFB, Wendover AFB, Ideal Location,
and Kennedy Space Center (KSC). KSC was selected because it was the most
cost effective for the following reasons:

I. Lower facility construction cost. Do to reuse of Apollo Launch
Facilities. Example use of VAB, Launch Pads, and Crawleraway. This was
proven by excellent Conceptual Cost Estimating and Cost /Engineering
for all six locations. This has been documented in KSC Design
Engineering Study dated October 1970.

2. Lower cost by using existing downrange tracking facilities.

3. Provides the safety of over water launches. (See Figure B)

4. Less environmental effect than other locations.

5. More payload boost with less fuel at this latitude or giving an extra
i000 pound payload per launch.

B. The location of new buildings and facilities was again for cost containment
by locating the new Shuttle Landing Facility (SLF) near the Vehicle Assembly
Building (VAB)/Crawleraway and Launch Pads. The Orbiter Processing Facility
(OPF) was located on the Towaway between the SLF and the VAB, See Figure A -
This was done to keep costs containeddue to the high cost of new roads,
utilities, etc.

C. The criteria was developed by a team effort National Aeronautics and Space
Administration (NASA) Civil Service/Private Industry/Support Contractors/
Architect Engineers�Construction� Aerospace Contractors.

The conceptual criteria and site selection is providing a good choice as noted
in Space Shuttle Estimating Cost Management Background, as under budget and
on schedule and by fourteen successful launches and two landings at KSC.
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Level 2 Design of Construction and GSE

Examples of Cost Containment at this Level are:

1. The use of design to cost limits in Architect/Engineers (A&E)
Contracts.

, Cost Engineering throughout the design cycle in budget, Preliminary
Engineering Report (PER) at the 30%, 60%, 90% and 100% design
milestones, see SRB Comparison of Budgeted and Estimated Cost. See
Figure C. paage 7.

3. The use of Consultants where needed.

4. The use of the Construction ManagementConcept for many major projects.
Examples: Pad B, Mobile Launch Platform #3 (MLP).

, The use of Detail Planning and Scheduling and Fast-tracking to save
time and money. Example of Phased design are the runway in three
phases, the Launch Pads and MLP's.

6. The use of Computer Aided Design/Drafting.

° The special use of cost engineering by developing new estimating
specification (Construction and GSE) a KSC Cost Index, an Aerospace
Price Book, A Summary of Abstract of Bids, and A Cost Engineering
Format for Construction Management. With these tools the engineers
were able to recognize cost/value. An example was the use of aluminum
duct in the Orbiter Processing Facility (OPF) to provide clean air to
high bay. The A&E had designed a stainless steel duct system which cost
$250,000 extra. This helped keep the cost of the OPF within the budget.
Millions of dollars of other saving have been documented in piping,
cabling, and bridges and GSE.

, The use of working models so engineers and others could understand and
make it work - better - especially useful on Rotary Service Structure
(RSS), GSE, Platforms.

Level 3 - Construction, Fabrication Assembly and Testin 9

Examples of Cost Containment are:

I. Coordinated Desian Engineering (DE) /A&E/Construction Contractor/
Vendors/Fabrications and Government Furnished Equipment (GFE).
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5.
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°

8.
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The use of detail and overview planning and scheduling, Critical Path
Method (CPM), Quality Control, and Safety Requirements.

Construction Inspection and Site Surveillance.

Pre-Bid and Pre-Work Conferences.

By using unit prices in bid to help eliminate contractor contingencies,
example: Shuttle Landing Facility (SLF), (Excavation), Launch Complex
(LC) 39 Pad B - Piling.

By using contract clauses such as joint occupancy, downtime, etc., in
major contracts where needed. It allowed the government to Bid Change
Orders - If necessary - Mobile Launch Platform (MLP) 2 and Pad A sound
Suppression, etc.

Trying to limit design changes - Is it that necessary?

By reviewing the Government Estimate with the Low Bidder when a large
difference. Show some contractor's their mistakes thus giving the
government better and more complete construction with less claims.

By Phased Construction of Runway, Launch Pads, MLP's, Shuttle/Carrier
Aircraft Mating Facility.

The effectiveness of KSC Cost Containment was again proved by construction
completion on schedule and under budget.

Level 4 - Operations and Maintenance

In construction this may be referred to as Occupancy and Use Phase. Some
examples of cost containment at this level are:

i. The continued use and reuse of existing facilities some to be used up
to 325 times such as VAB, Crawler, and Crawlaway.and Launch Pads, etc.

. The reuse of most parts of the Shuttle Fleet. Such as the Orbiters to
be reused up to 100 times and the Solid Rocket Booster (SRB) Shells and
casings to be used up to twenty-five times.

6



ID

i,i

t-,.-

¢.D

i,

g

!_



COST CONTAINMENTAND KSC SHUTTLE FACILITIES OR
COST CONTAINMENT AND AEROSPACECONSTRUCTION

Joseph A. Brown

, The special Research and Development (R&D) effort to develop efficient
cost effective GSE such as Special Mechanical/Machinery and Platforms
to speed operations, maintenance and check-out - Transporters,
canisters, dollies, handling equipment, remote controlled electronic
mechanical systems, swing arms, etc.

. Re-bid and consolidation of Operation Support Contractors Example:
Shuttle Processing Contract (SPC). Combining many contractors to
Lockheed, Base Operation Contract (BOC), EG&G, and any future Cargo
Processing Contracts (CPC).

5. Providing mass purchasing for large use items such as a GN2
Manufacturing Plant build by Big 3 at Gate 2, State Road 3.

6. Continuing effort to contain cost by studying other potential savings
such as polygeneration to save rocket fuel and energy cost.

. The use of full scale mock-ups to test and check-out Facilities and
Operation. The "enterprise" Orbiter check-out of VAB and Launch Pad
Rotary Service Structure.

The success of these cost containment methods has again been proven by the
continued reduction of processing time from landing to launching.

Conclusion

The real proof of the success of The Cost Containment of the KSC Shuttle
Facilities will the known at the successful completion of the Space Shuttle Era
and its use in the Proposed Space Station Program scheduled for 1992-93. In the
mean time these facilities are being used to successfully process, check-out,
launch and recovery elements of the Space Transport System which assures the
United States continued pre-eminence in Space Exploration and Development.
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